A device is described which-based on a commercial spinner magnetometer-allows the continuous record of the magnetization vector of rock samples with magnetic moments down to G cm-3 at temperatures between 4 and 700 "C. Typical examples of the instrument's performance are given.
Introduction
When investigating the remanent magnetization of rock samples during heat treatment, two methods are in use: the continuous and the progressive method (Creer 1967) . Both procedures affect the magnetization of ferromagnetic rockforming mineral grains, which lose their magnetizations as soon as their blocking temperatures are exceeded.
In the case of progressive heat treatment a rock sample is heated to a preselected temperature, cooled down to room temperature (usually in zero field) and the remaining magnetization vector is measured. This cycle is repeated with stepwise increases in the maximum temperature. The main advantage of the method is given by the possibility of heating a large amount of samples at once.
The continuous method gives a chance to measure the remanent magnetization of a single specimen at any elevated temperature. Therefore detailed information is obtained on the temperature dependence of remanence, e.g. a partial self-reversal occurring at higher temperature. Such information cannot be obtained by the previous method. Also, the continuous method avoids acquisition of partial thermoremanent magnetization which might occur in the progressive method during cooling after each heating step. A further advantage of the continuous method is the quick record of remanence versus temperature data, especially when using only minor quantities of samples.
It is not as easy to record the magnetization vector continuously during heating, because the sample has to be measured in at least two different positions with respect to the signal detecting system. Therefore, many instruments using the continuous method record only one or two components of magnetization le.g. Angenheister, Petersen & Schweitzer 1971) . Three components instruments based on astatic magnetometers have been described earlier by Wilson (1 962) and Petherbridge, de Sa & Creer (1972) . In the following section a simple device is described whichbased on a commercial spinner magnetometer-allows sensitive, rapid and continuous measurement of the total remanence vector at elevated temperatures.
The high temperature magnetometer
The high temperature device is based on the commercially available DIGICO balanced fluxgate spinner magnetometer developed by Molyneux (1971). The usual toroidal flwgates of that instrument are replaced by larger shielded fluxgates (to obtain zero field) having an internal diameter of 8 cm to create a larger space for sample holder, furnace and cooling system. The increased diameter causes a sensitivity loss of roughly a factor 4. The fluxgates and mu-metal shields are very effectively protected against heat by a watercooled brass jacket. The main rotating shaft, a heat resistant vycor tube about 1 m in length, is suspended from a bearing which is set up on top of a wooden support ( Fig. 1) . At the lower end of the shaft the sample (usually 2.5 cm in diameter and 2.25 cm high) is loaded horizontally into a quartz sample holder. The main shaft is clamped to the upper bearing so that sample and fluxgates are in the same horizontal plane. The sample holder consists of a hollow quartz semi-cylinder which can be rotated by a horizontal axis. The rotational position of the semi-cylinder is controlled by a long quartz rod leading inside the main shaft to its upper end. There the rod is attached to the attitude controller which driven by a motor can be moved up and down in such a manner that during the main rotation about a vertical axis the sample can be rotated automatically at the same time about a horizontal axis through an angle of +go". By measuring in two planes of the sample which are separated by an angle of 90" we get three orthogonal magnetization components x, y, z. The measured data are recorded digitally on magnetic tape. The vector evaluation and further data processing are done after transferring the data by telephone to the central university computer.
The furnace being about 12 cm high consists of ' non-inductive ' windings of heating wire which are packed on a vycor tube. The temperature is regulated and monitored by an automatic temperature controller using Pt-PtRh (1 3) thermocouples situated in the centre of a quartz dummy sample. Test measurements using a second pair of thermocouples at the surface of the dummy show the temperature gradient within the dummy to be less than 10 "C from centre to surface at a heating rate of 10"C/min. Accepting that gradient to be small enough one heating cycle up to 600 "C takes about 1 h, during which 60 readings of the magnetization vector easily may be recorded. The temperature gradients within the whole furnace are of course much larger. But throughout the central region of the heating wire, where sample and dummy closely together are contained in, the axial temperature differences due to test measurements at 350 "C are less than 10 "C. The horizontal temperature difference across the sample is also less than 10 "C. Therefore the total temperature gradients throughout the region in which sample and dummy are situated, as well as across the sample itself, do not exceed 5 "C cm-', if the heating rate is kept at moderate values, say 5 to 10 "C min-'.
Performance
Two illustrations are shown to demonstrate the performance of the device. During thermal demagnetization in air, the first sample, P 341 AB, a Permian porphyrite from the Lugano district (Switzerland) has a very stable NRM-direction ( Fig. 2(a) ) which is eliminated at temperatures around 600 "C. Directional fluctuations are visible mainly in the vertical component (HZ-plane) because of the relatively weak 2-component. They reflect the noise level of the apparatus which in this case is in the range of & 5.
G for an integration time of c. 5 s. For practicable integration times up to 30 s the sensitivity therefore is about 2.
G. The observed fluctuations, of course, could easily be smoothed by applying a numerical filter method. Fig. 2(b) shows a normalized plot of remanent intensity as a function of temperature. The NRM decays rather slowly until 510 "C, by which only half of the initial intensity has been destroyed. The remaining intensity is lost drastically between 510 and 600 "C. Progressive thermal demagnetization data of another sample from the same core showed negligible intensity variation until 550 "C, the intensity recovery on cooling from each intermediate temperature being essentially complete. Thus no secondary component is present and it can be concluded that the intensity decay with increasing temperature in the continuous method is caused mainly by the decay of spontaneous magnetization. The blocking temperatures are grouped close to the Curie temperature at around 600 "C, and there is some evidence such as extremely high stability of NRM against thermal and AC demagnetization, maximum blocking temperatures above 580 "C and microscopic observations, that this magnetization is carried by a haematite phase containing minor amounts of titanium. Fig. 3 illustrates thermal and AC demagnetization curves of two 600 years old Mt Etna basalt specimens taken from the same core. Both specimens have much higher NRM-intensities than the Lugano porphyrite and contain at least two magnetization directions. The initial NRM-direction, which strongly deviates from the expected direction corresponding to the contemporary palaeofield, is removed by thermal demagnetization up to 180 "C ( Fig. 3(b) ) or by AC fields higher than 50 Oe ( Fig. 3(a) ). Tentatively, we may attribute this magnetization component to be of viscous origin. The direction of the remaining component is more or less parallel to the expected direction. But the intensity plot in Fig. 3(b) shows a distinct, nearly linear decrease between 180 and 240 "C which probably reflects the uppermost range of blocking temperatures of a mineral phase the Curie temperature of which has been measured to be at 240 "C (cf. Fig. 4) . The presence of such a phase is also indicated by a slight, but even more distinct directional change of NRM throughout that temperature range. This is demonstrated in Fig. 3(a) by a 30 per cent increase of the N-component in the plot of the horizontal component (NE-plane) and by a sudden change of the slope of the vertical component (HZ-plane) with respect to the slopes above as well as below that temperature range. The mineral phase which carries this magnetization component is possibly a titanomagnetite.
At temperatures above 240 "C the remanence is carried by a phase with a Curie temperature of 530 "C (Fig. 4) which probably is due to magnetite containing a small amount of titanium. This phase has a large range of blocking temperatures, the maximum of which is reached at 530 "C. The high temperature component of remanence is not fully destroyed by a 500 Oe AC demagnetizing field ( Fig. 3(a) ). Therefore it can be concluded by experimental evidence that the large range of blocking temperatures corresponds to a wide coercivity spectrum. 
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Conclusions
This device, operated in connection with a commercial magnetometer, yields high quality data in which the complete direction as well as the intensity are found at each temperature. As illustrated by the above examples, the continuous thermomagnetic curves can be interpreted to reveal the presence and significance of multiple components of the remanence. Such information is essential to a proper understanding of a measured palaeomagnetic direction.
